Netilmicin, a new aminoglycoside antibiotic, has increased in vitro bactericidal activity against many strains of Enterobacteriaceae as compared to other aminoglycosides. It is a poor substrate for some of the common gentamicin-inactivating enzymes, and it has minimal toxicity in experimental animals. In 27 hospitalized patients, clinical cure was achieved in all, and the initial infecting organism persisted in only one. Therapeutic serum and urine levels were easily obtained in most patients. No (1-3, 5, 6, 10, 11, 13, 15-17, 20, 22, 23); (ii) the inhibition of gentamicin-resistant strains when the resistance is associated with one of the gentamicininactivating acetylases (aminoglycoside acetylase-3i, -ii, or -iii) or an adenylase (aminoglycoside nucleotidylase-2"), which have been common modes of resistance among Enterobacter species, Escherichia coli, and Pseudomonas aeruginosa (4, 16, 18); (iii) relative freedom from ototoxicity and reduced nephrotoxicity in experimental animals (12, 20) . Also, there is a suggestion that the serum levels may be more predictable than those of gentamicin (19). These favorable features of netilmicin suggest the possibility of more effective therapy of serious gram-negative bacterial infections with diminished drug toxicity and formed the basis for the investigations reported here.
Serious infections caused by aerobic gramnegative bacilli continue to be a major cause of morbidity and mortality of hospital patients. Their treatment is one of the principal indications for the use of aminoglycoside antibiotics. A new aminoglycoside antibiotic, netilmicin, is a member of the gentamicin family of drugs. Chemically, it is 1-N-ethyl sisomicin, an analog of gentamicin Cla. Theoretical advantages of netilmicin are threefold: (i) an increased in vitro bactericidal activity over gentamicin against many strains of Enterobacteriaceae (1-3, 5, 6, 10, 11, 13, 15-17, 20, 22, 23) ; (ii) the inhibition of gentamicin-resistant strains when the resistance is associated with one of the gentamicininactivating acetylases (aminoglycoside acetylase-3i, -ii, or -iii) or an adenylase (aminoglycoside nucleotidylase-2"), which have been common modes of resistance among Enterobacter species, Escherichia coli, and Pseudomonas aeruginosa (4, 16, 18) ; (iii) relative freedom from ototoxicity and reduced nephrotoxicity in experimental animals (12, 20) . Also, there is a suggestion that the serum levels may be more predictable than those of gentamicin (19) . These favorable features of netilmicin suggest the possibility of more effective therapy of serious gram-negative bacterial infections with diminished drug toxicity and formed the basis for the investigations reported here.
MATERIAIS AND METHODS Thirty-one patients on the Medical and Surgical
Services of the University of Illinois Hospital entered the study. Four patients who received netilmicin for less than 48 h were excluded, two had nonbacterial "chemical" peritonitis, one died of sepsis after a single injection of netilmicin, and one withdrew from the study. The age distribution of the remaining 27 patients was 16 to 85 years (mean, 43). There were 18 females and 9 males. The underlying diseases were: hemoproliferative malignancy, 2; cirrhosis and hepatitis, 7; paraplegia, 3; renal transplantation, 3; chronic renal failure, 1; uretero-ileal conduit after resection of bladder carcinoma, 3; diabetes mellitus, 1; and sickle thalassemia, 1 Table   I (b) RS. Shock and enterobacter bacteremia, without an identifiable portal of entry, occurred in a 52-year-old female in the hospital because of a myocardial infarction. There were multiple episodes of arrhythmias, and the patient required mechanical ventilation. After treatment with netilmicin, her condition improved rapidly, with clearing of the bacteremia, and she was discharged.
(ii) Disseminated gonococcemia: DV. A 22-year-old female, with chronic idiopathic liver disease and penicillin allergy, presented with a clinical picture of gram-negative sepsis, which included fever, chills, and hypotension. After 5 days of netilmicin therapy, the initial blood cultures grew Neisseria gonorrhoeae. Significant clinical improvement had already occurred, and the infection was eradicated after 2 weeks of netilmicin.
Tissue infections. Six organi were isolated from four patients with severe tissue infections.
(i) Pneumonia. Two patients with pneumonia were cured. One with E. coli pneumonia received concomitant ampicillin therapy. In spite of clinical cure, the E. coli persisted in the sputum cultured after completion of therapy.
(ii) Wound infection. One patient had a severe abdominal wall wound infection after renal transplantation. A gentamicin-resistant strain of P. aeruginosa (MIC >500,ug/ml) was recovered in pure culture; the isolate was susceptible to 16 ug of netilmicin per ml. The organism was eliminated from the wound within 72 h; however, because of persistent fever, carbenicillin (which in vitro was synergistic with netilmicin) was added. Resolution of fever occurred in 3 weeks with combined therapy.
(iii) Osteomyelitis. A patient with osteomyelitis of the right hip and acetabulum had severe soft-tissue infection in the gluteal region secondary to deep infected decubiti and bacteremia with B. fragilis. Proteus mirabilis and klebsiella were isolated repeatedly from the wounds and surgically excised bone. The patient received treatment with netilmicin and clindamycin for 6 weeks. Clinical improvement and a bacteriological cure were attained, but a netilmicin-resistant strain of Acinetobacter calcoaceticus var. anitratus (MIC, 500 ug/ml) colonized the healing wound.
Nonbacteremic urinary tract infections.
NETILMICIN: CLINICAL EFFICACY 173 Fifteen organisms were isolated from the urine cultures of 12 patients. Ten of the 12 patients had a febrile illness; 2 others who were asymptomatic had infected renal allografts. In one of the latter, the infection was caused by a gentamicin-resistant strain of Enterobacter cloacae. Fluorescent stains for the demonstration of antibody-coated bacteria in urine were positive in six of the eight patients studied. Treatment with netilmicin eradicated the infecting strains in all patients, and no relapses had occurred 4 weeks after the completion of treatment. During this period there were two superinfections with strains of yeast and two bacterial reinfections. Three patients with a clinical diagnosis of acute pyelonephritis are not shown in Table 1 . The symptoms in these patients disappeared during treatment.
Ototoxicity. Only one patient complained of tinnitus with dizziness, which was transient and not associated with ataxia, nystagmus, or audiometric changes. Of 21 patients who had audiometric studies, one had ototoxicity. As shown by audiometry, this was partially reversible and did not involve hearing loss of tones in the conversational range. The patient was 42 years old, had paraplegia, and was treated with both netilmicin and clindamycin for bacteremia with shock. The treatment lasted 42 days and was not associated with high peak levels of netilmicin (range, 5.8 to 8.3 .g/ml), although the trough levels rose from 2.4 ug/ml on day 4 (on 7.5 mg/kg per day) to 4.9 ,ug/ml on day 30 (on 4.5 mg/kg per day). There was no history of previous aminoglycoside or diuretic treatment.
The absence of ototoxicity in two of the patients is notable. One, who was undergoing hemodialysis, developed peak levels as high as 36 ,ug/ml (range, 15 to 36 jig/ml) and trough levels as high as 24 .Lg/ml (range, 10 to 24 ,ug/ml) over a treatment period of 3 weeks. These high levels were deemed necessary for cure in an immunosuppressed patient with a moderately resistant organism. No evidence of toxicity appeared in the audiogram performed on day 16 of treatment. Another patient, who developed nephrotoxicity, had high peak and trough levels, prolonged treatment, and previously documented gentamicin-related hearing lo0s. No worsening of the initially abnormal audiogram was demonstrated.
Nephrotoxicity. Twenty-five patients had either serum creatinine or creatinine clearance data adequate for analysis of nephrotoxicity. By previously defined criteria, 4 of 25 patients (16%) had significant changes in renal function during therapy. In two of these patients the elevation in serum creatinine was evaluated as probably related to the drug therapy (definite toxicity) and in the other two patients as possible drug-related toxicity. Two patients with toxicity were male (from a total of seven) and two were female (from a total of 18). Three of the four patients were bacteremic, but none were in shock at any time. Three of the four patients had underlying renal disease (urethral stricture, papillary necrosis, and/or pyelonephritis), and two had received other aminoglycosides within the past year. Although not statistically significant, the patients with nephrotoxicity in comparison to nontoxic patients were older, received treatment for longer periods of time, and received a larger total amount of netilmicin, but the mean daily dose was not different in the two groups. There were no differences in peak or trough serum levels achieved in the first 72 h. In the maintenance period, however, both the peak and trough levels were higher in the toxic patients (P = 0.002 and 0.047, respectively). The elevations in serum creatinine were noted during days 3 to 5 of therapy in two of the patients, and the elevated serum levels could have been either secondary to worsening renal function or a cause for the toxicity. One patient developed toxicity after 4 weeks of treatment when the dose of netilmicin was increased. The toxicity was transient in all patients, with serum creatinine retuning to pretreatment levels soon after discontinuation of therapy.
Elevations of alkaline phosphatase. Nine of 21 patients (43%) who had serial measurements of SGOT and alkaline phosphatase adequate for analysis had an increase in serum alkaline phosphatase ranging from 23 to 209% as compared to their initial measurement, attaining pathological levels in all but one. However, there was no clinical evidence of hepatobiliary toxicity. No sequelae or persistent abnormalities were recognized after the treatment was stopped. In five of six patients with electrophoretic fractionation of the serum alkaline phosphatase, the liver band was the predominant one and was increased above normal. In the remaining patient, bands characteristic of both intestinal and liver alkaline phosphatase were present. Elevations of SGOT accompanied the rise in alkaline phosphatase in three of the nine patients and were also seen in two patients with no rise. Underlying liver disease (cirrhosis, hepatitis) was unrelated to enzyme elevations, being present in three patients with alkaline phosphatase rise and four patients showing no rise. Three of the four nephrotoxic patients also developed a significant elevation of alkaline phosphatase. The patients with drug-related elevations of alkaline phosphatase were older, had a longer duration of therapy, and received a higher total ANTIMICROB. AGENTS CHEMOTHER. and mean daily dose; however, none of these differences were statistically significant. Mean peak serum levels after 3 days were significantly higher (P = 0.02) in patients with elevated alkaline phosphatase than in the others; trough levels were also increased, but the difference was not significant (P = 0.2). After exclusion of the nephrotoxic patients, peak and trough serum levels after day 3 remained higher for the group with elevated alkaline phosphatase.
DISCUSSION
Factors that dictate the choice of an aminoglycoside antibiotic include favorable clinical and experimental therapeutic experience, the spectrum of antibacterial activity, prevalence of resistant strains, and the toxicity of the drug. The therapeutic results obtained in this investigation are remarkably good. Nearly all of the infections were cured, although the underlying diseases were serious in many of the patients. In the four instances where other antibiotics were used in conjunction with netilmicin, synergy was either demonstrated or expected. In these patients, cure cannot be attributed to netilmicin alone. In a controlled study, the therapeutic efficacy of gentamicin and amikacin approached 80% (21) . Thus, the efficacy of netilmicin appears to be at least as good as that with other effective aminoglycoside antibiotics.
The increased in vitro activity of netilmicin can be considered to increase its therapeutic potential, but this advantage, if any, cannot be evaluated in this trial. Two of the isolates from patients in the series were resistant to gentamicin and susceptible to netilmicin. Thus, the ability of netilmicin to withstand inactivation by some of the most common bacterial enzymes associated with gentamicin-resistant strains broadens its base of activity, although not as completely in this respect as amikacin (4, 16) . This property should decrease the ease with which resistant strains can emerge during the selective pressure of antibiotic administration to patients.
A principal limiting factor in the treatment of serious gram-negative bacterial infections with aminoglycoside antibiotics is the narrow ratio between therapeutic and toxic serum levels. Peak serum concentrations of gentamicin below 4 ,ug/ml have been associated with persistent bacteremia with P. aeruginosa, causing a greater fatality rate than when higher drug levels were achieved (9). Peak postinjection levels of gentamicin above 8 ,ug/ml produce an increased risk of ototoxicity and possibly also nephrotoxicity (8) . A dose of 6 mg of netilmi-VOL. 13, 1978 cin/kg per day produced peak serum levels above 4 and below 10 ,ug/ml, with a median level of 7 and a trough level less than 2 ,ug/ml in all but a few patients. This may be ideal for the treatment of serious infections other than those of the urinary tract, which may not require such high plasma levels.
The almost complete freedom from ototoxicity after netilmicin administration to animals is important, if it can be confirmed in humans (20) . Of particular interest is the absence of any discernible ototoxicity in two patients who developed extraordinarily high serum levely of netilmicin for periods of 2 to 3 weeks. On the other hand, the partially reversible unilateral ototoxicity found in one patient with usual therapeutic levels indicates that ototoxicity occurring in the course of treatment of serious illness and combination with other drugs is not entirely predictable and not related only to the plasma concentration of drug.
Nephrotoxicity was considered definitely related to netilmicin in two patients (8%) and possibly drug related in two others. This is comparable to the rate of toxicity noted with amikacin (17%) (14) and gentamicin (2 to 10%) (7) . Thus, the animal data showing netilmicin to be far less nephrotoxic than gentamicin and amikacin are not confirmed in this investigation. Perhaps the animal studies are not relevant to humans, but more likely is the greater importance of other factors that may predispose patients to drug-induced renal damage. As in previous experience, the host factors found to be of particular importance in the development of nephrotoxicity were prior aminoglycoside therapy, increased age, and underlying renal disease and, among the drug factors, higher serum levels, longer duration of therapy, and a larger total dose.
A significant rise in hepatic enzymes has not been recognized with most of the aminoglycoside antibiotics. In this experience, however, elevation of serum alkaline phosphatase occurred in 43% of the patients tested and was of hepatic origin in all patients whose sera were fractionated. Failure of the level of SGOT to increase in parallel with the alkaline phosphatase might suggest the abnormality is in the biliary ducts, rather than the liver parenchyma. Three of the nine patients with elevated levels of alkaline phosphatase also had nephrotoxicity; thus, the effect may have factors in common. Patients with enzyme rise were older, received a higher dose of netilmicin, and had higher trough serum levels; however, none of these were statistically significant. The peak serum level of drug measured after 3 days of therapy was consistently NETILMICIN: CLINICAL EFFICACY 175 higher (P = 0.02). This further relates the alteration directly to netilmicin treatment, but since no sequelae or persistent abnormalities were recognized, its importance is unknown.
Results of this study show that netilmicin is an effective antibiotic. The advantages of increased bactericidal activity and reduced risk of ototoxicity with prolonged therapy and high levels recommend it as an improvement over gentamicin in the treatment of severe gram-negative bacterial infections. Nevertheless, the potential for ototoxicity and nephrotoxicity remains appreciable. In addition, the association of netilmicin in the production of increased serum levels of alkaline phosphatase in a high proportion of patients is a new finding that requires further evaluation.
